In this study, we have used the simple suspensions of C6B in polybutadiene having different viscosity.
Stress overshoot phenomenon after various rest periods were examined and the variation of network structure was investigated. Double-step shearing test" was performed and the structural changes when the shearing was switched suddenly from higher to lower were discussed. The goal of this study is to clarify the mechanism of formation and breaking down of network structure formed by C6B pigments.
EXPERIMENTAL 2• 1 Experimental materials
C6B (Sumika Color Co., Ltd. ) used in this study is as follows. The particle size distribution determined by X-ray diffraction analysis has two main peaks in 19 and 35 nm. The surface area is 120m2/g. Generally, pH value of pigment is determined as follows : 5g of pigment is boiled with 100g of distilled water for 15 min, and pH value of the filtrate is measured using a pH meter.
The pH value for this C6B pigment was 7.0. Pa. s at 30°C, respectively.
The suspensions were prepared by flushing method as follows : we have dispersed 20wt% of C6B presscake to each polybutadiene in a flusher. After taking out from the flusher, each suspension was ground by three-roll-mill to make it homogeneous. In Fig. 1 , Cryo-SEM picture of 20wt% suspension of C6B in B-1000 (Ink 1) is shown. We can find the scaly shaped C6B particles are dispersed and connecting and/or stacking together in the disperse medium.
We also used, as references, some suspensions. Carbon black (Furnace black #50, mean particle size is 28 nm, pH is 6. 0, Mitsubishi Chemical Corp. ) was dispersed in linseed oil varnish #4. Carbon black (Furnace black MA-7, mean particle size is 24 nm, pH is 3.0, Mitsubishi Chemical Corp. ) was dispersed in polybutadiene, B-1000, which is the same medium as Ink 1. Barium ferrite (mean particle size is 48 nm, Toshiba) was dispersed in silicon oil (TSF-451-1000, Toshiba silicon).
2• 2 Measurements
In this study, all measurements were carried out using a rheometer (Rheometrics RFS-II ) with a cone and plate geometry. The angle between cone and plate was 0.04 radians and the diameter of cone was 25 mm. All measurements were performed at 30°C. The steady shear at 10 sec-1 for 300 sec was applied prior to measurements. Dependence of apparent viscosity on shear rate We can observe stress overshoot phenomenon in stress growth curve for each suspension.
After sudden initiation of shear flow following various rest periods, the stress increases abruptly, and attains a peak value within a short time. After attaining the peak, the stress decreases and takes an equilibrium value. The longer the suspensions are rested, the higher the peak values are observed. We can find that Ink 1 takes the stress peaks in shorter time than Ink 3, the time when the stress peak appears is 0.08 sec in Ink 1
and that is 0.15 sec in Ink 3. From these results, we can deduce that the network structure in B-1000 is broken down with applying 40% of strain and that in B-3000 is broken down with 75% of strain.
In Fig. 5 (d) , the stress growth curves for 20wt% suspension of carbon black in linseed oil varnish #4 is shown. We can find that the peak value is observed at a longer elapsed time comparing with the suspensions of C6B. This means that larger strain is required to break down the network structure in the carbon black suspension, in other words, the network structure formed by carbon black is more durable than that formed by C6B.
3• 3 Double-step shearing test
The double-step shearing test were performed after a rest period for 600 sec which followed the pre-shearing at 10 sec-1 for 300 sec. The higher steady shears ranging from 0.1 to 10 sec-1 were applied as a first step shearing and then suddenly switched to the lower steady shear as a second step shearing. ( rate from higher to lower. The values of stress increase and attain peaks and then take equilibrium values like the stress overshoot experiments. In the stress overshoot experiments (Fig. 5) , we observed that the higher stress growth followed the longer rest period. However, in the case of Fig. 6 , even though the suspensions are not rested between the first shearing and the second shearing, we can obsery e the stress growth phenomenon depending on shear rates of first shearing.
The difference between the peak and the equilibrium value (o a ) increases with increasing the first shearing rate. suspension, but not almost in lOwt% suspension. We can deduce that 15wt% suspension forms the tentative three dimensional network structure while even in a very short transient period, but lOwt% suspension does not. It is too thin to form the network structure in a very short transient period. The particle of carbon black has a spherical shape and connects together and forms a structure" . The mean particle size of Furnace black #50 is 28 nm and that of Furnace black MA-7 is 24 nm. 
where R is gas constant, T is absolute temperature, 77 is viscosity of disperse medium and NA is Avogadro's number. From the equation (1) , we can understand that the pigment particle dispersed in B-1000 move about 5 times faster than that dispersed in B-3000. 
